The synthesis and accumulation of more than 30 virus-induced polypeptides was detected after infection of permissive primate cells with high multiplicities of herpesvirus saimiri. These virus-induced polypeptides had apparent mol. wt. of from 12000 (12K) to 250K and differed in molar abundance by up to two orders of magnitude. The majority of virus-induced polypeptides satisfied multiple criteria for their virus specificity. Polypeptides of ll0K, 76K, 51K and 31K to 29K were synthesized at maximum rates early in infection, but the majority of proteins were made at high rates late in infection. Virus-specific polypeptides were substrates for a number of post-synthetic modifications. The l17K, 85K, 76K, 31K and 30K polypeptides were each processed to forms with altered electrophoretic mobility. The 117K and 85K polypeptides were among the virus-specified substrates for glycosylation and virus-induced polypeptides of 59K, 51K, 30K and 26K were phosphorylated. The early 51K phosphoprotein and the 30K to 31K polypeptides were rapidly translocated to the nucleus of infected cells. The 31K polypeptide was processed to a 29K product which remained stably associated with the nuclear fraction. The 30K nuclear protein was shown to be the precursor of a 28K polypeptide which was released in a soluble form into the cytoplasmic fraction and the culture medium of cells at late times in the virus growth cycle. Many other polypeptides accumulated slowly in nuclear (e.g. 250K, 150K, 130K, 110K and 38K) or in cytoplasmic (e.g. 117K, 85K and 28K) fractions Of infected cells in tbrms which could be differentiated by the use of detergents or differences in stability to salt extraction. The mol. wt., relative molarities and some features of the post-synthetic processing of herpesvirus saimiri polypeptides more closely resembled the properties of gene products of Epstein-Barr virus than those of herpes simplex virus. Downloaded from www.microbiologyresearch.org by IP: 54.70.40.11 On: Thu, 06 Dec 2018 05:42:30
INTRODUCTION
Herpesvirus saimiri (HVS) and herpesvirus ateles (HVA) can be isolated from the majority of adult members of their natural host species (Squirrel and Spider monkeys, respectively) in the absence of obvious symptoms of disease. At least one of the sites of virus persistence in these inapparent infections is in the T-lymphocyte fraction of the peripheral blood. Infections of a number of other species of New World monkeys (e.g. marmosets and Owl monkeys) result in fatal lymphoproliferative diseases which have fieen labelled T-cell iymphomas. Continuous lymphoblastoid cell lines established from such diseased animals bear T-cell markers and carry virus DNA sequences for many passages in vitro (Deinhardt, 1973; Fleckenstein, 1979; Desrosiers, 1981) . These biological properties are similar in many respects to those of the herpesvirus of human infectious mononucleosis, the Epstein-Barr virus (EBV), which shares the capacity to persist in lymphoid cells of its natural host and to cause lymphoproliferative disease in an experimental host, the marmoset. However, the EBV (and related agents of Old World monkeys and apes) is isolated from the B-lymphocytes of its natural host and 'immortalizes' Blymphocytes in vitro, in contrast to the apparent T-cell specificity of HVS and HVA. In addition, the EBV and related agents are propagated in carrier cultures of B-lymphocytes and there is no simple permissive tissue culture system with which to analyse a synchronous infection ab initio (Pope, 1979; Miller, 1979; Ablashi et al., 1979) . However, HVS and HVA both undergo productive cycles of virus replication in a number of primate cell cultures in vitro. These viruses therefore provide a valuable system for exploring the molecular biology of a lymphotropic herpesvirus.
Previous studies of the molecular biology of HVS and HVA have concentrated on the structural properties of the virus genome. The genome is a single, linear molecule of doublestranded DNA with a tool. wt. of about 100 x 106, consisting of a central region of unique sequences with a tool. wt. of 71.6 x 106 and a mean composition of36~ G + C bracketed by multiple copies of a 0.83 × 106 sequence with a mean composition of 71 ~o G + C. These repeated sequences are in head-to-tail, contiguous arrays and are oriented in the same direction at each end of the genome, with a total of about 30 repeat units per genome distributed randomly between the two molecular termini (Bornkamm et al., 1976; Fleckenstein et al., 1975 Fleckenstein et al., , 1978 Fleckenstein, 1979) . This general arrangement of unique and reiterated sequences constitutes a distinct subgroup within the herpesviruses and the mean nucleotide composition of the unique sequences is among the lowest observed for any member of this virus group (Honess & Watson, 1977) . However, there is little published information on the nature, location or control of the genes encoded by this herpesvirus. Such information is clearly a prerequisite for understanding the biological properties of the virus and for defining its relationship to other members of the group. In previous papers, we have presented some information on virus-induced glycoproteins in cells infected with HVS and on a structural (Randall & Honess, 1982) and a non-structural gene product of the virus . In this paper we provide a general description of the number and properties of the herpesvirus saimiri-specific polypeptides which we have detected in productively infected cells. METHODS 
Cells and viruses.
Owl monkey kidney cells (OMK) were the 210 cell line, originated at the New England Regional Primate Centre (Southborough, Boston, Ma., U.S.A.), obtained from Mr G. Ball and Professor M. A. Epstein (Medical School, University of Bristol, Bristol, U.K.). Vero cells were obtained from Flow Laboratories (Irvine, U.K.) at passage 134 and were used up to passage 149. Marmoset kidney (MAK) cells were established from a trypsinate of the kidneys from an adult female common marmoset (Callithrixjacchus) which died during parturition. These MAK cell cultures were used from passages 3 to 8. Uninfected cultures were grown at 37 °C as monolayers on 75 cm 2 tissue culture flasks or rotating Winchester bottles in Dulbecco's modification of Eagle's tissue culture medium containing 10 ~ newborn calf serum. The attenuated derivative of HVS strain 1 ! (i.e. HVS- [11 Att]; Schaffer et al., 1975) was used for most of the experiments illustrated in this paper. Some comparative studies used HVS strains HOT, 'prototype' ($295 C; Melendez et al., 1968) and strain SMB 1 (isolated by Professor F. Deinhardt's group in Chicago, and obtained from Drs G. Bayliss and H. Wolf, Max V. Pettenkofer Institute, Munich, F.R.G.) . In previous papers (Randall & Honess, 1982; Honess et al., 1982) we mistakenly assumed the SMB1 strain was the SMH 1 strain of Daniel et al. (1975) . Herpesvirus ateles was strain 73. HVS-[11 Att] grows and forms plaques with approximately equal efficiency on monolayers of OMK, Vero or MAK cells. The other HVS strains and HVA-73 grow and form plaques on OMK cells but do not give efficient multi-cycle growth or form plaques on Vero or MAK cells. All experiments with these latter viruses were therefore performed with OMK cells and routine plaque assays for all viruses were performed on monolayers of OMK cells with an overlay containing 0.5~ (w/v) carboxymethylceUulose (CMC).
Conditions for high-multiplicity infections and labelling with radioactive precursors. Confluent or subconfluent cell monolayers in 25 cm 2 (1 x 106 to 2 × 106 cells) or 75 cm 2 (1 x 107 cells) tissue culture flasks or in rotating Winchester bottles (1 × l0 s to 2 × 108 cells) were infected with from 1 to 10 p.f.u, per cell of HVS or HVA in a volume of 1.0 (25 cm2), 5 (75 cm 2) or 25 (Winchester bottles) ml of medium. After an adsorption period of 2 h at 37 °C, the inocula were removed and replaced with 5 (25 cruZ), 20 (75 cm 2) or 50 (Winchester bottles) ml of tissue culture medium containing 2~ newborn calf serum. Infected or mock-infected cultures were labelled with L-[35S]methionine (> 500 Ci/mmol; Amersham International) in tissue culture medium with one-tenth the normal concentration of unlabelled methionine or with [32P]orthophosphate (carrier-free, Amersham International) in phosphate-free tissue culture medium buffered with 50 mM-HEPES pH 7.2. Concentrations of labelled precursors and the labelling intervals are specified in the text. At the end of the appropriate times, cultures were removed Cpulse') or were rinsed with tissue culture medium at 37 °C and reincubated with tissue culture medium without labelled precursors ('chased') and then removed, washed with ice-cold phosphate-buffered saline and prepared for gel electrophoresis or cell fractionation. electrophoresis through 8%, 10%, 12%, 14% or 15% polyacrylamide gel slabs crosslinked with N,N'diallyltartardiamide. Procedures for fixation, staining and autoradiography were as described in previous publications (Heine et al., 1974; Honess & Roizman, 1973) . The relationships between apparent mol. wt. and electrophoretic mobility on these gels were calibrated. The standards were (i) Polypeptides of purified virions of herpes simplex virus type 1 (strains F and HFEM, values for apparent mol. wt. taken from Heine et al., 1974) , (ii) structural polypeptides of adenovirus type 2 (supplied by Dr W. C. Russell, values for apparent tool. wt. of major structural polypeptides taken from Anderson et al., 1973) and (iii) the following purified polypeptides (apparent tool. wt., given in brackets, from Weber & Osborn, 1969 ; proteins obtained from Sigma or British Drug Houses): c~-chymotrypsin (two chains, 11K and 13K); ribonuclease A (13.7K), egg white lysozyme (14-3K); histones (19.5K to 21K, 15.3K, 14K, 13.8K and 11.3K); trypsin (23.3K); 7-globulin (light chains, 23K); concanavalin A (27K); pepsin (35K); yeast alcohol dehydrogenase (37K); ovalbumin (43K); fumarase (49K); y-globulin (heavy chains, 53K); bovine serum albumin (66K to 68K) and fl-galactosidase (135K). In the IlK to 15K region of the calibration, the best curve passed through, or close to, the points for ribonuclease A, 14K histone (F2b), ~chymotrypsin (13K and 11K) and the 11-3K histone (F2a, IV), but lysozyme and haemoglobin both migrated faster than would be expected from their mol. wt. The 12K polypeptide of HVS-[11 Att] migrated l~ractionally slower than the 11.3K histone. The 13.5K polypeptide of HVS migrated, with the 13K chain of ~-chymotrypsin, slightly faster than the 14K historic.
Preparation of anti-30K serum; immunodiffusion and immunopreeipitation. Antiserum to the purified 30K polypeptide specified by herpesvirus saimiri (Fig. 7 , lanes 5) was prepared by four intramuscular injections of Sandy Lop rabbits at 2-to 3-weekly intervals with a total of 100 tag of purified polypeptide emulsified in Freund's complete adjuvant.
Agar gel immunodiffusion tests were performed, in 2 to 3 mm layers of 1% agar in which dilutions of antigen were allowed to diffuse against dilutions of antisera, in a manner similar to that described by Honess et al. (1974) .
The anti-30K serum gave a single precipitin line in immunodiffusion tests against extracts of HVS-infected cells but gave no reaction against uninfected cells or components of the tissue culture medium. The serum was used in direct radio-immune precipitation reactions without any prior adsorption with extracts of uninfected cells or tissue culture medium. The serum and antigen concentrations for reactions in serum excess were determined by mixing a range of volumes of antiserum (0.01 to 0.2 ml) with constant volumes of extracts from infected or mock-infected cells labelled with [35S]methionine (extracts from approx. 106 cells) and incubating overnight at 4 °C. Immune complexes were removed by sedimentation (10000 rev/min for 5 min), washed with cold phosphate-buffered saline and resuspended by sonication in 2% SDS, 5% fl-mercaptoethanol, 0.05 M-Tri~HCI (pH 7-0), and 3% glycerol. Samples of solubilized immune precipitates were analysed for their content of [35S]methionine-labelled protein by liquid scintillation spectrophotometry and polypeptides analysed by gel electrophoresis. The precipitates illustrated ( Fig. 8) were formed in conditions of serum excess as determined from the above procedure and complete precipitation of the available labelled polypeptide.
RESULTS

Identification of virus-induced polypeptides in productively infected cultures
Infection of confluent monolayers of OMK cells with >_,2 p.f.u./cell of HVS gave rise to ~>80~o of infectious centres and initiated a productive cycle of virus growth. Typically, infectious progeny virus was first detected after 15 to 20 h incubation at 37 °C and maximum yields of 1 to 5 p.f.u./cell were attained by 40 to 60 h after infection. A comparison of the population of labelled polypeptides separated by polyacrylamide gel electrophoresis from lysates of uninfected OMK cells and cells labelled with [3~S]methionine at intervals after HVS infection is shown in Fig. 1 . After infection, there was a progressive inhibition in the synthesis of the complex population of polypeptides typical of the uninfected cell (e.g. Fig. 1 polypeptides marked hl to h4) and the appearance of a set of novel virus-induced polypeptides (annotated with their apparent mol. wt. at the right of Fig. 1 ). Polypeptides characteristic of the infected cell were first detected at about 8 to 12 h after infection against a high level of c o n t i n u i n g host protein synthesis (e.g. Fig. 1, 2 to 12 h interval, 11 OK polypeptide) and m a x i m u m overall rates of virus-induced protein synthesis were observed from 24 to 48 h after infection. Virus-induced polypeptides were not synthesized synchronously and were made or accumulated in widely different molar concentrations. For example, the 110K, 76K to 77K, 51K a n d 29K polypeptides reached their m a x i m u m rates of synthesis at earlier times t h a n the 160K, 150K, 130K, 56K, 13"5K and 12K polypeptides and the accumulated molar concentrations of the 250K and 13.5K polypeptides differed by more than two orders of magnitude. Despite the progressive reduction in the overall rate of protein synthesis in infected cultures [see Fig. 1 Honess et al., 1982] , a number of polypeptides specific to infected cells (e.g. 160K, 150K and 130K) were made at rates significantly higher than proteins of uninfected cultures having similar electrophoretic mobilities. However, in many other cases, proteins characteristic of the infected cell migrated with prominent host polypeptides during SDS gel electrophoresis, they were initially distinguished from host proteins by their persistent synthesis in contrast to declining rates of synthesis of polypeptides typical of uninfected cells. For example, compare the time course of synthesis of host polypeptides hl to h4 with polypeptides annotated 250K, 85K and 34 to 56K in Fig. 1 . A number of additional experiments with HVS-infected cells provide evidence that the polypeptides identified in Fig. 1 are virus-specified. These experiments are summarized as follows.
(i) The appearance of virus-induced polypeptides was prevented by the addition of actinomycin D (10 ~g/ml) at the time of infection or by prior inactivation of the virus with ultraviolet light (results not shown).
(ii) Only a subset of the virus-induced polypeptides was observed in cultures infected with some temperature-sensitive mutants of the virus or in cultures infected and maintained in the presence of >t 200 gg/ml of phosphonoacetic acid, an inhibitor of virus DNA synthesis (P. O'Hare and R. W. Honess, unpublished results; O'Hare, 1981) .
(iii) The majority of virus-induced polypeptides detected in OMK cells infected with HVS-[ 11 Att] had virus-induced counterparts of similar molarity and mobility in Vero or marmoset kidney (MAK) cells infected with the same strain of virus (Fig. 2 ). Exceptions to this rule were the minor 62K and 73K polypeptides detected early after infection of OMK cells (Fig. 1 , filled circles) which have not been observed in cultures of infected Vero or MAK cells. We have no other evidence that these polypeptides are virus-specific and we presently regard them as host polypeptides synthesized in response to infection. A number of other polypeptides which satisfied multiple criteria for virus-specificity were synthesized or processed to give proteins which differed in molarity or mobility in the three cell types. For example, the relative concentration of the 20K polypeptide was greater in extracts of infected Vero cells than in infected OMKor MAK cells and the mobility or apparent abundance of 28K to 31K, 48K to 51K, 54K to 66K and 85K polypeptides were not identical on the three cell types. (Fig. 2) . In all these cases, the differences occurred in proteins which are substrates for post-synthetic modifications and we have evidence for functionally equivalent polypeptides being processed to forms with slightly different mobility in the different cell types (e.g. glycoproteins of 83 to 85K and 56 to 66K and 51K phosphoproteins, see below).
(iv) Comparisons of virus-induced polypeptides in OMK cells infected with independent virus strains have revealed many examples of small differences in electrophoretic mobility of homologous proteins, dependent on the virus strain. For example, the 150K polypeptide (which we will show elsewhere is the major polypeptide of the HVS nucleocapsid) of HVS-[11 Att] migrated more slowly than the functionally equivalent polypeptides of HVS strains HOT or 'prototype' (295C) and these in turn migrated more slowly than the major capsid polypeptide of strain SMB1. These strain-specific differences were relatively small, with the apparent mol. wt. of the SMB1 polypeptide being 145K, and that of the HVS-[11 Att] polypeptide 150K. Further descriptions of strain variations and differences between the electrophoretic mobility of HVSand HVA-induced polypeptides will be given elsewhere. However, the detailed description given here for the polypeptides specified by HVS-[ll Att] is representative of the general properties of analogous polypeptides detected in cells infected with HVA or with other strains of HVS.
(v) Specific immune sera have been raised to isolated virus-induced polypeptides (e.g. anti-160K, Randall & Honess, 1982;  anti-30K, see below). These antisera precipitate specific polypeptides from infected cells and their capacity to react with these polypeptides cannot be removed by absorption with an excess of extracts from uninfected cells.
(vi) A number of virus-induced polypeptides with electrophoretic mobilities similar to those Identification of HVS-specific polypeptides 
Post-synthetic processing of virus-specific polypeptides ; phosphorylation
A comparison of labelled proteins and phosphoproteins separated from uninfected and HVSinfected O M K cells is shown in Fig. 3 . Two major (59K and 51K) and two minor (26K and 29K to 30K) phosphoproteins were detected in infected, but not in uninfected O M K cells (compare Fig. 3 lanes 5 and 6 with lane 4) . The 51K phosphoprotein comigrated with the early 51K virusspecific polypeptide, detected by [35S]methionine labelling, on all gel strengths tested (8 to 15 ~). However, the 59K, 30K and 26K phosphoproteins were separable from the major [35S]methionine-labelled virus-specific polypeptides with similar electrophoretic mobility which have so far been detected (e.g. Fig. 1 and 2) and must therefore represent minor processed forms of one or other of these polypeptides or previously unrecognized polypeptides. In addition to the virus-induced phosphoproteins illustrated in Fig. 3 , three other phosphoproteins have been detected in infected cell lysates. The 12K and 13.5K proteins are phosphorylated at low efficiency (i.e. the ratio of [32p] to [35S] incorporation was much less than that observed for the 59K or 51K proteins) and in infected O M K cells a very highly phosphorylated polypeptide (10K) has been detected at late (after 50 to 60 h) times in the virus growth cycle. With the exception of the 10K phosphoprotein, the other phosphoproteins were also induced in infected Vero cells and the 59K, 12K and 13-5K phosphorylated polypeptides showed virus strainspecific differences in electrophoretic mobility. Host and virus proteins continued to be phosphorylated at intervals after their synthesis (compare Fig. 3 lanes 2 and 3 with lanes 5 and 6) and differences in the rates at which phosphorylation of different host proteins ceased after infection limited the ability to detect virus-induced polypeptides in the region of major host cell phosphoproteins. The 10K virus-specific phosphoprotein was detected after the maximum yield of infectious virus, at times when the rate of virus protein synthesis had declined to a low level and other presumed late cleavage products of virus-specific polypeptides were being formed (see below). It may therefore be due to a late cleavage of a virus or host polypeptide which unmasks an efficient phosphate-acceptor site on a previously synthesized polypeptide.
Other post-synthetic modifications of virus-specific polypeptides Two major classes of post-synthetic modification of virus-induced polypeptides have been detected. The first of these classes occurred at times when the overall rates of virus protein synthesis were maximal and were revealed by alterations in the electrophoretic mobility of most or all of a pre-existing labelled polypeptide, or the appearance of novel labelled proteins during chase periods in the absence of labelled precursors. The second class of modifications occurred late in the virus growth cycle, when rates of virus protein synthesis were low, and were detected by the appearance of minor novel polypeptides without a clear decrease in the abundance of major labelled polypeptides. Fig. 4 illustrates most of the modifications of the first type which have been detected, and also demonstrates the effects of acrylamide concentration in the gel on the relative mobility and resulting resolution of a number of virus-specific polypeptides. Thus, during 'chase' periods of I and 6 h following a labelling interval from 27 to 27.75 h, the 117K, 85K (Fig. 4a) , 30, 31K (Fig.  4 b, c ) and the 13-5K (Fig. 4c ) polypeptides decreased in amount, with corresponding increases in l15K, 82K, 29K, 28K and 12K polypeptides. The 76K polypeptide decreased with a corresponding increase in a 77K species. The most obvious effects of gel concentration on relative electrophoretic mobility are evident in the separation of the 28K, 29K, 30K and 31K polypeptides and, in particular, the behaviour of the 29K species. The assignments given for these latter polypeptides in Fig. 4(b) and (c) (see also Fig. 2 ) will be justified below, when we will present evidence that the changes observed during the chase period are due to the conversion of a 30K precursor to a 28K product and a 31K precursor to a 29K product. The available evidence for the other precursor-product relationships which are suggested by the results of Fig. 4 (e.g. 117K-115K; 85K-83K; 76K-77K; 13.5K-12K)is indirect. For example, the 117K, 85K, 76K and 54K to 56K polypeptides each comigrated with virus-specific glycosylated proteins and heterogeneous virus-specific glycoproteins comigrated with the suggested products (e.g. Randall & Honess, 1982) . Additional evidence for a relationship between 13.5K and 12K poiypeptides was provided by the following observations. (i) Strain-specific differences in the apparent mol. wt. of 12K polypeptides were accompanied by corresponding differences in the 13.5K polypeptides, (ii) both 13.5K and 12K polypeptides served as inefficient substrates for phosphorylation, (iii) purified preparations of both 13-5K and 12K proteins separated on polyacrylamide gels exhibit an unusual interaction with Coomassie Brilliant Blue, resulting in an intense orange pseudo-fluorescence on transillumination with white light and, (iv) both polypeptides are incorporated into herpesvirus saimiri virus particles (the 12K more efficiently so than the 13.5K; R. W. Honess et al., unpublished results) .
The second class of modifications occurred late in the growth cycle of the virus (after 40 h) and produced low concentrations of discrete, well-resolved, polypeptides of 105K, 96K, 94K, 44K, 43K, t 1.5K and 10K. For example, the 105K polypeptide was present at only 5 to 10% the molar concentration of 150K or 160K polypeptides after prolonged labelling intervals (20 h) or long chase periods late in infection. Polypeptides of l 1.5K and 10K have been produced from the 12K and 13.5K polypeptides of nucleocapsids by incubation in vitro, but the precursors of the other late polypeptides have not been identified. 
Intracellular location and translocation of virus polypeptides
Experiments examining the intracellular location and translocation of virus-specific polypeptides showed that a few polypeptides were rapidly transferred to the nucleus shortly after their synthesis. Other polypeptides accumulated slowly in the cytoplasmic or nuclear fractions of infected cells and, in at least one case, a protein transferred to the nucleus was processed and reexported to the cytoplasm. Fig. 5 shows an experiment examining the transfer of polypeptides to the nucleus during and immediately after a 0-50 h labelling interval in infected and mockinfected cells. The 51K and 30K to 31K virus-specific polypeptides were transferred rapidly and efficiently to the nuclear fraction, with the majority of each of these polypeptides associated with the nuclear fraction by the end of the labelling interval. During a subsequent 'chase' period of 3 h, the majority of the 150K polypeptide and a significant fraction of the intracellular pools of 130K and 110K polypeptides appeared in the nuclear fraction. The 30K to 31K polypeptides of the nuclear fraction also decreased during the chase period, with the appearance of the 28K and 29K polypeptides (see also Fig. 4 ). The compartmentalization of virus-specific polypeptides observed in cells labelled for extended periods is illustrated in Fig. 6 for [3 SS]methionine_labelled polypeptides and for phosphorylated proteins. The majority of intracellular 250K, 130K, 11 OK, 76K, 77K, 51K, 38K, 20K, and 13.5K virus-specific polypeptides were associated with the nuclear fraction of infected cells as were the 59K and 51K phosphoproteins. The 117K and 85K polypeptides were removed with the Nonidet P40 cytoplasmic fraction. The 150K, 160K and the 28K to 32K polypeptides are not well-resolved on the 14~o acrylamide gels shown in Fig. 5 and 6, but separations on 10~o gels have shown that the majority of the I50K protein remains with the nuclear fraction and the 160K polypeptide with the cytoplasmic fraction of cells separated using a non-ionic detergent. A more detailed analysis of the compartmentalization and processing of the 28K to 32K polypeptides is presented below.
Demonstration o f a n electrophoretically distinct nuclear precursor of a cytoplasmic polypeptide by immune-precipitation
In order to resolve the relationships between the 28K to 32K species, we purified the 30K polypeptide from the soluble fraction of a detergent extract from infected cells by ion-exchange chromatography. The purification procedure and evidence for the purity of the final product are given in Fig. 7 . The purified polypeptide (lane 5 of Fig. 7 ) was used to immunize rabbits to prepare a specific antiserum. The resulting anti-30K serum gave a single identical precipitin arc in immunodiffusion tests against extracts of unfractionated infected cells, cytoplasmic and nuclear fractions or concentrated proteins from the medium of infected cells. The serum did not react in immunodiffusion tests against extracts of uninfected cells. We have shown elsewhere that this anti-30K serum does not neutralize virus infectivity (Randall & Honess, 1982) . By the use of cell fractionation and immune-precipitation using anti-30K serum, combined with the analysis of the polypeptides on gels of different acrylamide concentrations, the main relationships between the 28K to 32K polypeptides were deduced. The necessary observations are presented in Fig. 8 . On the 10% gel (Fig. 8a) , three bands were resolved from the total infected cell in this region, one of which (28K) was removed efficiently into the soluble cytoplasmic fraction. This soluble cytoplasmic fraction did not contain any of the components in the major central band ( . The washed suspension of labelled infected cells (lanes 1) was made up to 0.5 ~ N P40, disrupted by sonic oscillation and sedimentated at 30000 rev/min for 1 h. The supernatant fraction (lanes 2) was applied to a column of carboxymethylcellulose (CMC) equilibrated with 0.05 M-phosphate buffer pH 5-8; after washing with three column-volumes of the same buffer, proteins were eluted with 1 M-NaCI (lanes 3). The proteins eluted with 1 M-NaCI were dialysed against 0-05 M-Tris-HCI pH 7-0 and applied to a column of diethylaminoethyl-ceUulose equilibrated with the same buffer. Proteins bound to the DEAE-cellulose column were eluted with 1 M-NaCI (lanes 4). Finally, fractions from this latter eluate were dialysed against 0-05 M-phosphate buffer pH 5-8, 0-05 M-NaCI and applied to a CMC column in the same buffer; the fractions eluted from this column with 0.1 M-NaC1 contained a homogeneous preparation of the 30K polypeptide (lanes 5).
from the nucleus. The anti-30K serum precipitated the 28K polypeptide from the soluble cytoplasmic fraction and a protein from the (29, 30, 31)K band of the soluble nuclear fraction (Fig. 8 a) . Analysis of the same samples on a 15 ~ gel resolved four bands in the 28K to 32K region of the infected cell (Fig. 8 b) . However, one of the bands in the insoluble nuclear fraction (29K) migrated with the same mobility as the cytoplasmic 28K polypeptide. The nuclear fraction did not contain the 28K polypeptide (Fig. 8 a) and thus a m i n i m u m of five polypeptides were demonstrable in the mol. wt. range 28K to 32K of the total infected cell ( Fig. 8b ; see also Fig. 2, 4 and 5) . The anti-30K serum precipitated the single 30K polypeptide from the soluble nuclear fraction of infected cells. From these results and those of Fig. 4 and 5 the following scheme is suggested: (i) 30K and 31 K polypeptides are translocated efficiently to the nucleus, (ii) within the nucleus, the 31K polypeptide is converted to a 29K product with anomalous electrophoretic behaviour, both 31 K precursor and 29K product remain in the nucleus, (iii) the 30K nuclear protein is processed to a 28K product which leaves the nucleus and is present in a soluble form in the cytoplasm. wt. The presence of the 130K polypeptide and trace amounts of other virus-specific proteins in the immune-precipitate from the soluble nuclear proteins (NS-IP) are due to non-specific precipitation and are not invariably represented in anti-30K immune-precipitates. Note that differences in the partition of some virus polypeptides between the results shown here and those of Fig. 6 are due to the use of NP40 in the latter fractions.
DISCUSSION
In this paper, we have shown that the synthesis and accumulation of more than thirty polypeptides can be detected in tissue cultures of primate cells during the course of a productive infection with HVS. These polypeptides range in apparent mol. wt. from 11.SK to 250K, include polypeptides made at high rates early in the growth cycle (e.g. ll0K, 76K, 51K, 29K) and provide novel substrates for a number of post-synthetic modifications, including glycosylation and phosphorylation. By a number of criteria, the majority of these polypeptides are likely to be virus-specified. We have also given information on the compartmentalization of virus polypeptides and provided evidence for precursor-product relationships between a number of electrophoretically distinct components. For many virus-induced polypeptides, we have therefore presented sufficient information on their properties to permit identification in subsequent studies.
We have chosen the apparent mol. wt. of HVS polypeptides as their primary identifying characteristic and as the basis for our present nomenclature in preference to the allocation of more arbitrary labels. This choice was made to permit the ready admission of any additional virus gene products as they are recognized and to facilitate comparisons with the proteins of other herpesviruses. For this reason, the markers used for interpolation of the HVS polypeptide mol. wts. included the structural (Heine et al., 1974) and non-structural (Honess & Roizman, 1973) polypeptides of herpes simplex virus type 1 (HSV-1). Thus, the major capsid polypeptide of HSV-1 (VPS, 155K; Gibson & Roizman, 1972) has a mobility intermediate between that of the 150K and 160K polypeptides of HVS. The main disadvantages of a nomenclature based on apparent tool. wts. derived from relative electrophoretic mobilities are (i) the non-ideal electrophorctic behaviour of many polypeptides, which results in different estimates for the mol. wt. of identical polypeptides by workers using different polymer or cross-linker concentrations, and different buffer systems or marker polypeptides, (ii) the existence of virus strain-specific differences in clectrophorctic mobility of homologous polypeptides and (iii) alterations in the processing of a given virus gene product in independent cell lines or under different culture conditions which modify its electrophoretic mobility. We have documented examples of HVS polypeptides which behave anomalously during gel electrophoresis or which appear to be processed to forms which differ in electrophoretic mobility in different cell lines. Strain-specific variations in the mobility of homologous polypeptides seem to be at least as common between independent isolates of HVS as they are between isolates of HSV-1 (e.g. Pereira et al., 1976; Lonsdale et al., 1979) . Indeed, comparisons between only four HVS strains have shown small differences in the mobility of their major capsid polypeptides (150K of HVS-[ 11 Att]), whereas comparisons between many more HSV-1 strains, using the same electrophoresis conditions, have failed to show strain-specific differences in the mobility of their major capsid polypcptides (VPS, e.g. Pereira et al., 1976) .
The number of HVS-spccific polypeptides which we have detected and their time course with respect to other events in the virus growth cycle require some comment. If we neglect the putative late cleavage products (e.g. 105K, 96K, 44K, and 40K) and take into account the known (e.g. 30K-28K) or probable (e.g. 77K-76K, 31K-29K, 13.SK-12K) precursor-product relationships, the thirty or more virus-specific polypeptides detectable in infected cell lysates may represent as few as 20 primary gene products. The total mol. wt. of these twenty polypeptides is less than 106 and the coding potential of the unique gcnome sequences (approx. 71 x 106 mol. wt.) is more than fourfold in excess of that required to specify these gene products. The repetitive terminal sequences of virus DNA do not seem to be transcribed (Tracy & Desrosiers, 1980) . There is no published information on the extent of unique-sequence transcription during productive infections with HVS. The possibility that all the functions required for a productive infection with HVS may be encoded within a small fraction of the unique genome sequences cannot be dismissed a priori, given such familiar precedents as bacteriophage 2 and examples of duplicated and dispensable functions in the genome of herpes simplex virus (Davison et al., 1981 ; Post & Roizman, 1981) . However, such a situation would be unexpected and the persistence of host protein synthesis may have prevented the detection of a significant number of virus-specified early gene products. A number of features of the HVS growth cycle suggest that this may be at least a partial explanation of the discrepancy between observed gene products and coding potential. The length of the HVS growth cycle in infected OMK cells cultures, in which all cells are initially infected and no surviving cells can be recovered, is much more variable than the herpes simplex virus growth cycle in similar cultures. Results from many experiments have shown a minimum period of 20 to 24 h, a mean of 40 to 50 h and a maximum of > 60 h after infection of OMK cells with 2 to 10 p.f.u, per cell of HVS until the attainment of maximum yields of virus-specified proteins. In addition, a degree of asynchrony is observed in the protracted synthesis of 'early' polypeptides (e.g. ll0K, 77K and 51 K) and the virus-specific thymidine kinase and has been noted previously in immunofluorescence studies of HVS antigens in infected OMK cultures (Morgan & Epstein, 1977) . Cultures of OMK cells appear to differ in the distribution of cells which replicate HVS immediately after infection. This cell-to-cell asynchrony does not seem to be explained by a simple dependence of HVS replication on the cell cycle (R. E. Randall & R. W. Honess, unpublished results), as is the case with equine herpesvirus 1 (Lawrence, 1971) , nor can it be overcome completely by high multiplicities of infection. As parallel cultures of OMK cells support synchronous replication of HSV-1 (R. E. Randall & R. W. Honess, unpublished results) the variable host factor which limits HVS replication does not limit the replication of HSV. The requirement of HVS for such a host factor may explain its markedly greater sensitivity to interferon than HSV (Daniel et al., 1981 ; Lvovsky et al., 1981) and the enhancement of the growth of HVS by tumour promoters (Ablashi et al., 1980) . Whatever the molecular basis for the asynchrony of virus growth, it clearly limits the sensitivity of direct methods for the analysis of virus protein synthesis during the early phase of the virus growth cycle.
The comments above serve to emphasize that the present catalogue of HVS gene products may be incomplete. However, such deficiencies as may exist do not prevent some preliminary comparisons with the properties of polypeptides specified by other herpesviruses. In common with other members of the group, HVS encodes a major capsid polypeptide of approx. 150K and other components of the capsid structure resemble those of a number of other herpesviruses (R. W. Honess et al., unpublished results) . HVS also specifies a thymidine kinase and a DNA polymerase (O'Hare, 1981) , but beyond these rudimentary group characteristics (Honess & Watson, 1977) the gene products of HVS bear some more striking resemblances to those of EBV. For example, the 160K polypeptide of HVS, a poorly or nonglycosylated component of the virus envelope (Randall & Honess, 1980 , has a counterpart in the enveloped particle of EBV (Dolyniuk et al., 1979 a, b) and the poorly glycosylated 160K to 170K component of the EBV membrane antigen (MA; Qualtiere & Pearson, 1979; Thorley-Lawson & Edson, 1979; North et al., 1980) . One of the major, highly-glycosylated, components of the EBV MA is an 85K to 90K protein which also bears a superficial correspondence to the 85K glycoprotein of HVS. In common with HVS, EBV also appears to specify phosphorylated polypeptides of about 51K and 59K (Feighny et al., 1980; Kamata et al., 1981 ; Mueller-Lantzsch & Yamamoto, 1981) and more extensive correspondences are suggested by comparisons of our present results with the size and relative molarities of the other known EBV-determined gene products (e.g. Bayliss & Wolf, 1981) . Clearly, such general resemblances are difficult to measure objectively. However, in earlier studies, Morgan (1977) demonstrated the presence of at least one antigen common to HVS and EBV. Our own current studies on the functional properties of a number of HVS gene products also suggest that many of these resemblances are unlikely to be coincidental (Wong Kai In, Blair & Honess, unpublished results) . The present results should assist the more detailed definition of common and distinctive features of the gene products of lymphotropic herpesviruses and suggest that, among the primate herpesviruses, the 'lymphotropic' label may correlate with more objective measures of relatedness.
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